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ABSTRACT 
Induced territorial encounters between two species of closely-related Caribbean 
damselfish provide evidence for the existence of asse~sment strategies in interspecific 
animal contests. Juvenile Eupomacentrus leucostictus and .E... planifrons were placed 
within territories maintained by juveniles and adults of these species. Differences in 
the type and magnitude of agonistic displays directed at different species as well as 
different sized intruders were noted. The patterns observed support the notion that 
opponents assess their relative fighting abilities and the value of the resource at stake 
and vary their fighting behavior accordingly. 
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INTRODUCTION 
Recent investigations of disputes between territory holders have focused on the 
role of assessment strategies in agonistic encounters between conspecifics. Priority of 
access to resources, whether it be food, shelter, a mate, etc., will be attained by those 
individuals which are most successful in dominating other competing individuals. The 
ability to assess or evaluate the value of the resource at stake, as well as the fighting 
ability of an opponent, would enable an individual to choose the most beneficial 
behavioral tactic, in terms of fitness, during an aggressive encounter. An individual 
may choose to threaten an opponent, directly attack or retreat. Game theory, as 
originally presented by von Neuman and Morgenstern (1944}, predicts the optimum 
strategy, that which minimizes the potential fitness lost due to a fight while 
maximizing the potential fitness gained by winning, will be used during such 
encounters. 
Animals are often observed to settle disputes by conventional threat displays 
rather than by all out fighting, even when they are equipped with dangerous fighting 
weapons (Krebs and Davies, 1981 ). The fact that much aggression is highly ritualized 
and does not involve serious damage has supported the notion of group selectionism. 
Lorenz (1966) suggests that such conventional behaviors (i.e. signals rather than 
direct and possibly damaging contact) are employed because dangerous fighting would 
result in serious injury or even death and would not be advantageous to the survival of 
the species. 
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Maynard Smith and Price (1973) argue that the predominance of conventional 
fighting behavior can be evaluated in terms of the costs and benefits of fi_ghts to 
indiyjdual animals. They investigate how contest behavior could have evolved by 
selection of individual strategies, formulating a computer model that simulates simple 
aggressive encounters. Individuals should adopt the strategy where if most of the 
individuals in the population are using it, there is no other strategy which would result 
in a higher reproductive success. They termed this an evolutionarily stable strategy 
(ESS). Such a strategy is one in which opponents start conventionally, employing 
ritualized threat display·s. Individuals should then escalate to more damaging fighting 
behavior later, if necessary, especially if the opponent escalates. 
,.. 
Parker ( 197 4) suggests oppponents should assess both their resource holding 
power (R HP) (i.e. fighting abilities usually correlated with relative size) and the 
resource value at stake and then vary their fighting behavior accordingly. If two 
individuals differ in fighting ability, the weaker individual should retreat upon 
assessment of its relative strength since it could not win the contest by intimidating the 
opponent using a conventional display or injuring the opponent in an escalated fight. 
, 
The stronger individual should be able to win the contest by using a simple threat 
display, advertising its superior weaponry and/or fighting ability, rather than 
resorting to more energetically costly, escalated behaviors. Escalation to potentially 
-
damaging tactics is predicted only when the rel~tive holding power of opponents is .close 
or when the value of the resource at stake is extremely high. 
Evidence for assessment of asymmetries in animal contests is provided by Reichert 
(1978). In her work on the funnel-web spider, Agelenopsis aperta, she found 
3 
Individuals adjust their behavior according to their relative fighting abilities. 
Following assessment, escalation to more dangerous behaviors frequently occurred in 
disputes involving opponents similar in size but was also observed in encounters in 
which substantial size differences existed. She suggests this is not the result of 
inaccurate assessment of their relative fighting abilities but rather, it appears to be 
correlated with the high value of the resource at stake. The resource, a territory 
located in a good area, is of primary importance to the fitness of the funnel-web spider. 
Reichert (1979) suggests resource availability is also important in resource 
assessment. She observed population differences in contest behavior exhibited by 
spiders inhabiting areas where the availability of territories varied. 
In addition to aggressive encounters involving conspecifics, competition has been 
observed in areas where different species with similar ecological requirements 
overlap. lnterspecific territorial defense, for example, has been recorded for many 
species of both vertebrates and invertebrates (e.g. Orians and Willson, 1964; Low, 
1971; Moran and Sale, 1977; Stimson, 1979). Patterns of interspecific aggression 
\. appear to be gual itatiyely similar to those discussed for intraspecific encounters 
though guantitatiyety they may vary, with interspecific encounters being less intense 
(Myrberg and Thresher, 1974; Morse, 1976). In encounters involving conspecific 
individuals, the fighting strategies employed should be influenced most by the relative 
holding power of the individuals since their evaluation of the resource at stake should 
be similar. Fighting tactics utilized during aggressive interactions involving two 
different species should be the outcome of the assessment of both the relative fighting 
abilities and how each species values the resource. 
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The rules governing in aggressive interactions involving opponents of two different 
species are not as easily illustrated as those involved in encounters involving 
conspecifics. Different species will be equipped with different types of weaponry and 
' ) L 
may vary greatly in their assessment of the value of a given resource. In an attempt to 
elucidate the mechanisms involved in the selection of contest behaviors during such 
aggressive encounters, observations of territorial encounters involving two different 
but closely related species (morphologically similar) with similar ecological 
requirements would be a good place to start. The Caribbean damselfish community 
(Pomacentridae) provides an ideal study environment for such an area of research. 
Damselfish exhibit overt territorial displays, enabling a researcher to easily 
monitor their fighting behaviors. Overlapping distribution of different species in some 
areas, as well as different age groups, also provides a valuable opportunity to record 
the outcome of territorial encounters between different species and/or size classes 
competing for the same resources. I have chosen to investigate the agonistic conspecific 
and congeneric interactions between juveniles, and juveniles and adults, of two species 
of damselfish found in Jamaica: the beaugregory damselfish, Eupomacentrus 
leucostictus (MOiier and Troschel) and the three-spot damselfish, E. planifrons 
(Cuvier). In this study, differences in the fight strategies selected by the fishes during 
territorial encounters will be primarily due to the faGt that they are different species 
since they are morphologically and ecologically similar. Differences in the coloration 
of the juveniles provide cues upon which species recognition is possible. Analysis of 
the outcomes of territorial disputes observed in this study should then provide some 
insight into interspecific opponent and resource evaluation and assessment strategy 
~-
choice. 
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Ib.e. Study Animals 
Species members of the genus Eupomacentrus occur on coral reefs throughout the 
western Atlantic (Bohlke and Chaplin, 1968). They are the most common territorial 
fishes on coral reefs. They exhibit a two stage life cycle: a pelagic larval stage and a 
bottom dwelling stage during which the juvenile and adult fish are relatively 
site-attached. In addition, all species exhibit dramatic dichromatism between juvenile 
and adult morphs. Adult beaugregories are uniformly a dusky brown color while. 
juveniles are strikingly bicolored, being iridescent blue on upper parts of the head and 
back with the remainder of the body being yellow; adult three-spots exhibit a slightly 
lighter dusky brown hue and have pale yellow rings surrounding the eyes while 
juveniles appear bright yellow with a large black spot ringed with blue on the dorsal 
fin and a smaller spot on the caudal peduncle. These dramatic color differences found in 
juveniles of the Eupomacentrus species are considered important in species recognition 
(Brockmann, 1973; Thresher, 1976). 
In many organisms that have a planktonic larval stage and a sessile adult stage, the 
dispersal of larval recruits is thought to be random. However, many planktonic larvae 
of invertebrates have been found to exhibit highly selective settling behavior, having 
the ability to remain in the water column untH the appropriate habitat is present 
(Meadows and Campbell, 1972). Some investigators have argued such habitat 
preferences are exhibited by the damselfish larval recruits and determine which 
habitats are occupied (Sale, 1980; Doherty, 1983; Shulman, 1984). Doherty 
(1982) suggests the observed densities of territorial damselfish are regulated by a 
limiting supply of larval recruits. He also proposes resource limitation may have only 
6 / 
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a local or negligible influence on the densities within different habitats. He concluded, 
from a series of total and selective removal experiments on patch reefs of the Great 
Barrier Reef, the presence of Pomacentrus wardi did not limit the recruitment or 
survival of its conspecific f.. flavicauda (Doherty, 1983). Rather, some density 
independent factor such as differential mortality or emigration, coupled with habitat 
selection by larval recruits, was responsible for the observed habitat segregation 
between the two species and that their populations exist as non-equilibrial 
assemblages, below carrying capacity. 
More support exists for the argument proposing the role of competition for 
limiting resources as the most important factor determining distributions and 
densities of species in coral reef communities (Itzkowitz, 1977; Williams, 1978; 
Gladfelter and Gladfelter, 1979; Brock et al., 1981; Ogden and Ebersole, 1981; 
Ebersole, 1985). This view is based on the assumption that reef fish communities are 
orderly assemblages of populations, each in numerical equilibrium with their resource 
supply. The particular study presented here was pursued in light of these 
assumptions; the distribution of damselfish territories studied is thought to be 
determined, at least in part, by a system of competitive exclusion. 
Characteristic habitat associations resulting in the spatial segregation of adult 
individuals has been reported for many species of damselfish (Emery, 1973; Waldner 
and Robertson, 1980). The adult beaugregory damselfish, being slightly smaller in 
size than the adult three-spot damselfish, has been observed to have a more dispersed 
distribution than the tightly-packed adult three-spots. These adult colonies tend to be 
unispecific in nature. Adult beaugregories are generally found in small rubble and 
sand areas (Itzkowitz, 1977) while adult three-spots are more abundant on live 
7 
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staghorn coral (Acropora ceryircornis) (Itzkowitz, 1977; Williams, 1978). 
Itzkowitz classified these areas as their primary habitats. In addition, he observed 
Individuals maintaining territories on other substrata. He proposes the use of 
secondary habitats suggests space is limited for these species. Adults in poor habitats 
appear to spend more time searching for better habitats thari those in primary habitats 
(Itzkowitz, 1978). 
The characteristic habitat associations for adults vary from those described for 
juveniles of these species. Emery (1977) and Waldner and Robertson (1980) found 
in many instances, juvenile Eupomacentrus species were less common in the habitats 
where adults were observed. Juvenile three-spots have been observed at the 
periphery of the main adult colony (Itzkowitz, 1978) while juvenile beaugregories 
were found most abundant on loose sand substratum adjacent to small rubble and sand 
habitats occupied by adults of the species (Itzkowitz, 1985). For both species, 
Itzkowitz (1985) suggests the eventual formation of adult unispecific colonies is the 
result of both selected mortality of juveniles as well as their active movement into 
areas where adults are more abundant when they can successfully establish territories 
there. 
Investigation of the fighting behavior of pomacentrids, as with any animal, would 
involve an understanding of the stakes involved in their agonistic encounters. They are 
observed to maintain territories only on hard substratum such as coral, coral rubble 
or other debris, a necessary requisite for egg deposition (Itzkowitz, 1974). Both 
species considered in this study are territorial throughout the year and utilize their 
territories for all activities, including feeding and shelter. Males of these species use 
their territories for nest sites as well. lntraspecific and .interspecific territorial 
8 
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defense has been documented In both species considered in this study. They have been 
observed to defend their territories against other damselfish as well as from other 
intruding fishes, most importantly other herbivores, who would be competing for algae 
growing within dams elfish territories, and egg predators (Low, 1971; Itzkowitz, 
1974; Myrberg and Thresher, 1974; Brawley and Adey, 1977; Moran and Sale, 
1977). 
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METI-IODS 
This study was performed on a series of patch reefs and coral rubble areas located 
on the northern coast of Jamaica, West Indies, at Discovery Bay. The investigation was 
conducted from June 1984 to August 1984 and in January 1985. Observations and 
data were collected while snorkeling or using SCUBA. Four study sites were sampled 
(Figure 1 ). The first and second sites were located in the west back reef environment, 
between the shoreline and the reef crest. The substrata of these areas was 
characterized as being predominantly coral rubble surrounded by Thalassia grass beds 
and ranged in depth from a.Sm to 2m. Williams (1978) had previously described site 
#2 as being composed of mainly staghorn coral however, the coral formations in this 
area have been greatly altered due to the effects of Hurricane Allen in 1980 (Williams, 
1984). The third site, located in the east back reef, had substrata consisting mainly of 
the stony corals Agaricia agaricites, Montastrea annularis, Porites porites and 
Sidastrea siderea. This area ranged in depth from Sm to 9m. The fourth study site was 
located on the forereef, seaward to the reef crest, at a depth of 1 Om. The primary 
substrata of this area was staghorn coral, Acropora ceryicornis, a ramose (branching) 
species. 
Transects 
The habitat distribution of juvenile beaugregory damselfish and juvenile 
Ill 
three-spot damselfish was determined using a series of 50m transects. Ten transects 
were used to sample each of five habitats, characterized by various substrata. The 
first four habitats, small rubble and sand, large rubble and sand, sand only and 
r 10 
,. 
I 
Thalassia bed habitats, were sampled in the west back reef at sites #1 and #2. 
(Non-living coral or rock is classified as rubble, with small rubble having a 
maximum diameter of O.Sm and large rubble having a minimum diameter of O.Sm 
(Itzkowitz, 1977).) The fifth habitat, composed of live coral, was sampled in the east 
back reef and forereef at sites #3 and #4. Data on the juvenile populations present in 
all the areas were collected using the visual census method. The observer swam slowly 
along an established transect recording the number of juveniles visible up to 1 m on 
either side of the line. These data were noted for each 1 m demarcation on the 50m 
transect line. (For a critique of this technique, see Brock, 1982.) 
Field Obsecvations 
Ten-minute observations of 76 resident juvenile beaugregories and 51 resident 
juvenile three-spots were taken. The size of each indivdiual (standard length) and 
their respective territory were approximated. Because the territories were irregular 
in shape, the furthest distance an individual traveled from the center of its territory 
was approximated to be the diameter of the area defended. Any behaviors observed were 
noted. These include aggressive attacks directed at or from tresspassing fishes and 
choice of food items. Data were taken while hovering at a distance sufficiently far 
from the study subject so that their behaviors were not altered (i.e. an attempt was 
made to prevent agonistic behaviors directed as the observer). 
A second set of observations was made involving an additional 15 juvenile 
beaugregories and 1 O three-spots. The amount of time an individual was concealed 
within their territory during a 2-minute sampling period was recorded. 
1 1 ( 
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Field Experiments 
Juvenile beaugregory and three-spot damselfish were collected using the 
anaesthetic quinaldine and hand held nets. Each species was maintained in separate 
glass aquaria (100x100x40cm) in the laboratory. Individuals from these stocks were 
placed in 125ml Erlenmeyer flasks and positioned inside a defended territory on the 
reef. The following experiments were conducted using the model-bottle technique 
described by Myrberg and Thresher (1974). 
In the first series of experiments, resident adult and juvenile beaugregories and 
three-spots were presented with a single juvenile intruder. (Residents are defined as 
individuals maintaining a territory; intruders are defined as individuals being placed 
within an observed resident's territory.) In trials involving resident juveniles, the 
size of the intruding juvenile fish relative to the resident was recorded. (In trials 
involving resident adults, the intruding juvenile was always considerably smaller.) In 
all trials the number of agonistic actions, in the form of chases or lateral displays, 
directed at the intruders by the residents, were recorded during a 2-minute period. 
In the second series of experiments, two juvenile intruders of different species 
were placed simultaneously in a given territory. The intruders were positioned 0.25m 
apart in separate flasks within a resident , adult or juvenile beaugregory's or 
three-spot's territory. Care was taken to ensure each species was alternatively placed 
on the left then on the right to account for any location effect. In trials involving 
resident adults, any chases directed at either species of intruding juvenile were 
recorded. An accurate measurement of the number of lateral displays in this instance 
12 
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was impossible due to the high frequency of chases. In trials involving resident 
juveniles, the size of the intruding juvenile relative to the resident was again recorded 
as well as the number of chases or lateral displays directed at either species of 
intruding juvenile. 
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RESULTS 
Distribution 
Data collected on the patterns of juvenile distribution are found in Table 1. The 
majority of juvenile beaugregories were found to be distributed between three of the 
five habitats studied: the small rubble and sand areas, the Thalassia beds and the large 
rubble and sand areas. Juvenile three-spots were most abundant in two of the habitats: 
the large rubble and sand areas and the live coral areas. The sand only habitat 
supported very few of either species. Chi-square analysis of these data shows that 
juvenile beaugregories were found a significantly greater number of times than 
juvenile three-spots in the small rubble and sand (x2=29.54, p<0.001 ), Thalassia 
beds (x2=52.16, p<0.001) and sand only habitats (x2=5.44, p<0.025). Juvenile 
three-spots, alternatively, were found in significantly greater numbers in the live 
coral areas (x2=29.49, p<0.001 ). There was no significant difference in the number 
of juvenile beaugregories vs. three-spots observed in the large rubble and sand areas. 
General Behavioral Observations 
\ 
All juveniles were observed to patrol the substratum, alternating periods of quick 
-
traversing across and remaining stationary within their given territory. Juveniles of 
'. 
each species were observed exhibiting different behavioral tactics when moving around 
their territories (Table 2). Comparison of the mean number of seconds per 2-minute 
sampling period that individuals were not visible in their territories (i~e. hidden) 
~ ~ 
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suggests that juvenile three-spots are more covert than juvenile beaugregorles 
(t=2.64, p~0.05). 
Ten-minute field observations, including feeding and territorial defense by 
juveniles present on various substrata, provide some background ecological 
information for these two species. Beaugregories nipped predominantly at various 
species of algae (Table 3). Juvenile three-spots also nipped at algae and were 
frequently observed nipping at live coral (Table 4). Juveniles were observed 
interacting with other species of intruding fishes during these 10-minute observation 
periods. Observations of fishes chased by juvenile beaugregories are listed in Table 5. 
They chased other juvenile beaugregories most often, but also chased a variety of other 
species including congenerics. Juvenile three-spots were also observed to chase a 
~ 
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number of different species, including conspecifics and congenerics (Table 6). 
Juveniles of both species, in addition to interacting frequently with their respective 
conspecifics, often chased fishes from the Family Labridae (wrasses) and Acanthurus 
chi ru rg us (doctorfish). Those species that were observed chasing juvenile 
beaugregories and three-spots are listed in Table 7 and Table 8. Beaugregories chased 
resident juveniles of either species the greatest number of times. Residents juveniles 
responded by fleeing several centimeters or seeking shelter within their territories 
for several seconds before becoming visible again. 
Territory Size 
Territory size was significantly correlated with juvenile size for both species 
(Figure 2 and Figure 5). Some juveniles were found in groups, ranging from two to 
eight individuals, each maintaining a discrete territory with common borders, whereas 
' I 
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some individuals maintained exclusive or solitary territories. The territorial groups 
were both unispecific and heterospecific in nature. 
Juvenile beaugregories (Figure 4) and three-spots (Figure 7) found in 
unispecific groups, as well as solitary juvenile beaugregories (Figure 3), exhibited a 
significant positive association between body size and territory size. There was also a 
highly significant positive correlation between juvenile size and territory size for the 
heterospecific groupings (Figure 8). No significant linear association between 
juvenile size and territory size in solitary juvenile three-spots existed (Figure 6). 
The majority of the solitary juvenile three-spots were smaller in size (less than 
2.5cm) than the grouped three-spots or solitary and grouped beaugregories, which 
were up to or greater than 4cm. 
Induced Conspecific arid. Conoeneric Interactions 
Territorial damselfish were observed using two types of agonistic behaviors: 
chases and lateral displays. Chases involved a swift forward movement in the direction 
of the intruder. Lateral displays, a ritualized rather than damaging fight tactic, 
involved a sideward orientation of the resident fish, perpendicular to the intruder, 
accompanied with a flaring of the dorsal fin and lowering of the pectoral fins. 
A. Individual Intruder Presentations 
1. Resident Adults 
Adult beaugregories chased individual intruding juvenile beaugregories a 
16 
I 
I 
significantly greater number of times during a 2-mlnute sampling period than 
juvenile three-spots (Table 9) (t=S.70, p<0.001). There was no significant 
difference in the number of chases directed at juvenile beaugregories vs. juvenile 
three-spots by adult three-spots. Adult three-spots did lateral display significantly 
more towards juvenile beaugregories than to juvenile three-spots (Table 10) 
(t=2.84, p<0.01 ). There was no significant difference in the number of lateral 
displays directed at individual conspecific vs. congeneric juvenile intruders by adult 
beaugregories. 
2. Resident Juveniles 
In all trials involving resident adults, the size of the intruding juvenile was 
considerably smaller than the size of the resident. In trials involving juvenile 
residents, different sized intruding juveniles were classified into larger, same size or 
smaller groupings, relative to the resident. Resident juvenile beaugregories did not 
chase individual intruding juvenile beaugregories, of any size class, a significantly 
greater number of times than intruding juvenile three-spots (Table 11 ). Resident 
juvenile three-spots did chase intruding juvenile conspecifics a significantly greater 
number of times whether they were of the same size (U=78, p<0.05) or smaller 
(U=85.5, p<0.01 ). No significant difference was observed for chases directed at 
larger intruders of either species. 
In all trials, excluding those involving resident juvenile three-spots vs. individual 
intruding juvenile three-spots, the size of the intruder relative to the resident was 
significantly correlated with the number of chases observed (Table 12). In these 
cases, there were significantly less chases directed at larger individuals as compared to 
17 
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Individuals of the same size or smaller than the resident (Nonparametric Multiple 
Comparison, p<0.05). No significant difference was found in the number of chases 
" 
directed at individual juveniles of the same size as the resident as compared with 
intruders of smaller sizes. 
Lateral displays by resident juveniles showed a slightly different pattern than that 
observed for chases (Table 13). As was observed for resident adult beaugregories, 
resident juvenile beaugregories did not display a significantly greater number of times 
during a 2 minute sampling period to individual conspecifics vs. congenerics of any size 
class. Resident juvenile three-spots did laterally display a significantly greater 
number of times to intruding juvenile beaugregories, of smaller sizes, as opposed to 
intruding three-spots (U= 79 .5, p<0.05). 
Significant differences in the number of lateral displays observed directed at 
various size classes were found only in trials involving resident juvenile three-spots 
(Table 14). In interactions involving resident juvenile three-spots vs. individual 
intruding juvenile beaugregories, the effect of size· was identical to that observed for 
the number of chases in this category; there were significantly less lateral displays 
directed at larger individuals as compared to individuals of the same size or smaller 
than the resident (Nonparametric Multiple Comparison, p<0.05). No significant 
difference was found in the number of lateral displays directed at intruding juveniles 
of the same size as the resident as compared with smaller intruders. Interactions 
involving resident juvenile three-spots vs. individual intruding three-spots also 
showed that size was correlated with the number of lateral displays observed. In these 
trials, a significantly greater number of displays were directed at intruding 
individuals of the same size as the resident as compared to individuals larger or 
" 
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smaller than the resident (Nonparametric Multiple Comparison, p<0.05). No 
significant difference existed in the number of lateral displays directed at intruding 
Juveniles larger than the resident as compared with individuals smaller than the 
resident. 
B. Simultaneous Intruder Presentations 
Experiments involving the presentation of two intruding individuals 
simultaneously, one juvenile beaugr~gory and one juvenile three-spot of 
approximately equal sizes, were used to determine if resident individuals exhibited an 
attack preference during territorial contests. 
1. Resident Adu Its 
Resident adult beaugregories significantly chased intruding conspecific juveniles 
over congeneric juveniles during a 2 minute sampling period (Table 15) (t=7 .06, 
p<0.001 ). Resident adult three-spots did not significantly discriminate between 
juveniles of either species. 
2. Resident Juveniles 
In choice experiments involving resident juveniles, only intruders of the same size 
or smaller than the resident were used. Previous experiments involving individual 
intruder presentations showed a trend towards a decrease, and in some instances a 
significant decline, in the intensity of attacks directed at larger sized individuals of 
' 
either species. 
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Resident juvenile beaugregories preferred to chase intruding conspecific juveniles 
over congeneric juveniles during a 2-minute sampling period when the intruders were 
smaller relative to the resident (Table 16) (t=2.79, p<0.02). There was a trend, 
though not significant, for resident juvenile beaugregories to have chased intruding 
conspecific juveniles of the same size over congeneric juveniles. Resident juvenile 
t~ree-spots showed no chase preference to juveniles of either species, irrespective of 
size. 
Resident juvenile beaugregories laterally displayed significantly more to 
conspecifics (Table 17) of both the same size (t=3.20, p<0.0025) and smaller 
(t=3.40, p<0.0025). Resident juvenile three-spots showed no display preference to 
either species of intruding juveniles, of either size class. 
/ 
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DISCUSSION 
Support for the notion that damselfish territorial defense has both a spatial and 
nutritional importance is suggested in reports that damselfish defend territories 
against a variety of fishes, most notably the herbivores and egg predators (Itzkowitz, 
1974; Myrberg and thresher, 1974; Brawley and Adey, 1977; Ebersole, 1977). 
Damselfish have also been reported to defend territories against herbivorous 
invertebrates such as urchins (Williams, 1980). Low (1971) observed the 
Austrailian Pomacentrus flavicauda preferred to attack intruding fishes which were 
their food competitors. He found 35 of 38 species chased were species which had 
similar food requirements as the damselfish. Three-spots have been observed to defend 
areas from 22 different species of fishes (Thresher, 1976). Ebersole (1977) also 
suggests different leyels of agonism are elicited by different species of intruders. He 
observed aggressive responses of territorial beaugregories against 49 different 
species. He speculates the level of aggression directed at the intruder varies, depending 
upon the degree of overlap in diet requirements between the resident damselfish and the 
intruding species. Moran and Sale (1977) found the Australian pomacentrid Parma 
microlipis was most aggressive to intruding species that have similar ways of utilizing 
•' 
space and to egg predators as well. 
Competition for limited resources can lead to such aggressive encounters between 
individuals. Parker (1974) suggests opponents should assess their relative fighting 
abilities and the value of the resource at stake during disputes. Choice of which 
agonistic behavioral option, if any, should be employed should then be based on the 
existing asymmetries between opponents. In this way, game theory predicts, the 
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method of defense which minimizes the potential fitness lost by fighting while 
--
maximizing the potential fitness gained by winning will be employed during such 
contests (von Neuman and Morgenstern, 1944). 
Discussion of the results of this study in light of game theory and the utilization of 
assessment strategies is a complex issue. Assessment of the stakes between 
conspecifics, in general, should be more close1y matched than between congenerics, 
though the two species considered in this study are thought to have similar resource 
requirements hence resource value to either species should be almost identical. 
Competition is even more intense in the case where individuals of the same age are 
competing for identical resources in space and time. In the case where an individual, 
occupying a territory in a non-preferred or secondary habitat for its particular 
species is challenged by an intruding species for which the habitat may be of primary 
choice, the game becomes more involved. Add to that age-specific requirements when 
encounters between juveniles and adults or different sized individuals occur, and the 
assessment of the situation becomes more complicated, the exhibited fighting strategy 
more involved. 
What information on fighting behavior do the results of the induced conspecific and 
congeneric interactions performed in this study provide? Differences in the levels of 
aggression observed directed at conspecifics vs. congenerics suggests that some type of 
assessment, based on the fact that competing individuals belong to different species, is 
occurring. 
I 
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That individuals have the ability to identify their opponents is supported by the 
results of the induced territorial encounters: 
1. Resident adult beaugregories chased solitary juvenile conspecifics 
significantly more intensely than congenerics. When given a choice, they 
preferred to chase juveniles of their own species. 
2. Resident adult three-spots laterally displayed a significantly greater 
number of times to solitary juvenile beaugregories. When given a choice, 
they did not demonstrate any species) preference. 
~ 
3. Resident juvenile beaugregories did not discriminate between conspecifics 
vs. congenerics in individual encounters. When intruders were presented 
simultaneously, resident beaugregories preferred to chase and laterally 
display more to juvenile conspecifics. 
4. Resident juvenile three-spots chased individual juvenile conspecifics more 
intensely but significantly laterally displayed more intensely to solitary 
juvenile beaugregories. When given a choice, resident three-spots 
demonstrated no preference. 
Juveniles of the species considered in this study, though identical morphologically, 
can be easily discriminated between on the basis of their coloration. In addition, the 
behavioral observations made brought out another difference; juvenile three-spots 
were more covert than juvenile beaugregories. This subtle difference may provide a 
further clue for species identification. 
Myrberg and Thresher (1974) suggest the species of intruder rather than the 
overall size of the intruder is of primary importance during territorial defense for 
three-spots in the Florida Keys. In their study, con specifics were always attacked 
farther from the residence than any other species observed. Furthermore, the 
territory holder, in general, did not permit congeneri~s to approach the territory as 
closely as non-congenerics. Thus the resident three-spots maintained a territory 
which varied in size, dependent upon the species of intruder. Myrberg and Thresher 
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classified such a territory as a "serial" territory. If individuals identify their 
opponents and assess the relative value of the resource at stake during territorial 
encounters, the patterns of defense observed seem logical; since there would usually be 
less overlap in resource requirements between species than within species, a territory 
holder might choose to attack a conspecific sooner (i.e. farther from its residence) than 
another species. 
In the trials where a greater number of chases vs. lateral displays (or vice versa) 
were directed at one species over another, it appears some choice of level of attack is 
being made (i.e. choice of a particular agonistic display). The decision is not simply 
whether or not to attack. This is consistent with previous findings (Myrberg and 
Thresher, 1974; Ebersole, 1977). The decision to chase an intruder may be chosen by 
a resident, even though it may be energetically more costly than a lateral display, 
when an intruder is assessed as having extremely similar fighting ability and/or 
resource needs. It is interesting to note that for this study, in trials where there were 
a greater number of chases observed, they were always directed at conspecifics. 
In some instances, juvenile conspecifics were not treated differently than juvenile 
congenerics of the same size. This suggests these species are ecologically similar. Data 
collected on the patterns of juvenile distribution show they overlap considerably, 
especially in large rubble and sand areas, also suggesting they have some ecological 
needs in common. Though they may be sympatric as juveniles, adults appear to be 
~ 
more exclusive in their species distribution. Itzkowitz (1977) suggests the spatial 
organization of adults into uni-specific groupings probably begins in the juvenile stage 
and continues as the individuals mature. This may be a reflection of the ability to 
assess the value of maintaining a territory in a given habitat. This ability may develop 
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after the Juveniles settle and gain some experience in habitat selection. 
Results of outcomes of territorial encounters involving different sized intruders 
suggests individuals have the ability to assess the RHP of their opponents: 
1. There was a trend towards, if not a significant decrease in the number of 
agonistic displays directed at intruders larger than the resident as 
compared with intruders the same size or smaller than, irregardless of the-. 
species of intruder. 
2. In some instances, significant differences were observed in encounters 
involving intruders the same size as the resident as compared with 
intruders smaller than the resident. 
Size class distribution patterns observed for damselfish, as well as other coral 
reef fishes, indicates a dominance system based on size, the larger individuals being 
able to dominate over smaller individuals (Emery, 1973; Itzkowitz, 1974, 1977; 
Luckhurst and Luckhurst, 1978; Waldner and Robertson, 1980). Itzkowitz (1978) 
observed a size graded distribution of three-spots around the main colony. Individual 
size decreased with increasing distance from the colony center. Similarly, juvenile 
beaugregories were observed to be most abundant on loose sand substratum adjacent to 
small rubble and sand areas occupied by adult beaugregories (Itzkowitz, 1985). These 
patterns may be reflective of the competitive abilities (i.e. RHP) of various sized 
individuals. They may also be reflective of differences in the ecological needs of 
juveniles vs. adults. 
The significant results in trials involving territorial adults suggests juveniles are 
perceived as posing some threat to the adults. If they did not present a threat they 
should have been ignored. These juveniles may be perceived as immediate competitors 
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for the available resources or as pote~tial future competitors for the adults' 
territories. 
A positive correlation of territory size with the size of the juvenile noted in this 
study could also be indicative of a dominance system based on size for these fishes. 
Positive correlation in heterospecific groupings of juveniles as well suggests that size 
governs in territorial encounters between species. This again suggests assessment of 
the relative holding power of individuals in a group is occurring. Similarly, it is 
possible that the size of the territory defended by the juvenile damselfish is a further 
example of the assessment of their environment taking place. Individuals choose a 
territory size small enough that it does not require an exorbitant amount of energy to 
defend but adequate in size to provide the amount of resources nee,ded to meet their 
nutritional requirements. 
The ability to assess the environment (hence the value of the resource at stake), a 
behavior favored by natural selection, is suggested in many studies. Characteristic 
associations of a variety of Eupomacentrus species with specific habitat types has been 
described by numerous investigators (Emery, 1973; Itzkowitz, 1974, 1977; Brawley 
and Adey, 1977; Williams, 1978). Waldner and Robertson (1980) describe the 
patterns of association of damselfish, including seven territorial Eupomacentrus 
species and one MiCCQSPalbQciQD species, with ce~n habitat types in two areas of the 
Caribbean Sea. Ebersole (1985) suggests different patterns of microhabitat 
utilization observed for juvenile beaugregories and three-spots are due to different 
habitat preferences on the part of the juveniles as well as due to the outcome of 
aggressive interactions between the two species. 
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summary 
There does appear to be some form of assessment of asymmetries taking place in 
the territorial encounters of beaugregory and three-spot damselfish, but the rules of \ 
the contest appear to be quite complex. Outcome of the assessment of the stakes will 
depend upon\ the quality and availability of the habitat relative to the given species 
inhabiting and threatening during a specific time period. Added to that is assessment of 
the probability of that individual winning a battle for those particular· resources. The 
outcome should be the individual varies its fighting strategies according to its 
assessment of the existing assymetries . 
• 
An important consideration in future studies of this type should include 
investigation of the quality of the habitat relative to the individual territory holder and 
intruder. This would involve a more detailed study of the resource requirements and 
availability of resources for these fishes. It would also involve recording possible 
variation in the territorial displays exhibited by the same species in response to the 
same intruder but in various habitat types. Results of these future studies may 
provide additional clues on the intricate pattern of agonistic displays described in the 
study presented here. 
Juveniles of both species of damselfish considered in this study are found in the 
same habitat. This suggests that there is the potential for these two species to compete 
for possibly limiting resources. Though three-spots are more secretive than 
beaugregories, common need for refuge from predation as well as similarities in their 
r-,.,.. 
observed diets, further supports the notion of the involvement of competition in this 
system. Differences in the value of a territory in a specific habitat may form the basis 
27 
upon which some intruders are attacked differently than others. Differences in levels 
of aggression or attack preferences may then be a reflection of tactical adjustments in 
territorial defense. Though, in this study, an in\/estigation of the outcome of 
encounters in relation to habitat quality in addition to aggression in relation to species 
and size was not investigated, the complex patterning of territorial defense described is 
strongly suggestive that such evaluations are inherent in territorial disputes. 
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TABLE 1: Chi-square analysis of juvenile distribution. Comparison 
of the numbers of juvenile damselfish observed on various substrata 
using 50 meter transects (n=10 for each substrate type). 
SUBSTRATE 
small rubble and 
Thal assia beds 
sand only 
large rubble and 
live coral 
NUteER OF 
JUVENILE 
B EAUG REG ORIES 
sand 63 
73 
8 
sand 52 
8 
NUMBER OF 
JUVENILE 
THREE- SPOTS 
15 
8 
1 
37 
49 
2 
l[ 
29.54 
52 .16 
5.44 
2.53 
29.49 
p 
<O .001 
<0.001 
<0.025 
n. s. 
<O .001 
--------------------------------------------------------------------
• 
TABLE 2: Comparison of the mean number of seconds (±S. E.) per 2-
min. sampling period that juveniles were observed hidden in a 
crevice, using the Two-Sample t-Test (n=number of individuals 
observed). 
BEAUGR:OOORY 
9.44±.2.89 
(n=10) 
THREE-SPOT 
3 1 • 7 3.±6 • 5 6 
( n= 15) 
t 
2.64 
p 
<0.05 
----------------------------------------------------------------------
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TABLE 3: Field observations of feeding in juvenile beaugregories. 
Pooled data from 76 10-min. sampling periods. ·-
SUBSTRATE OR FOOD TYPE 
rubble 
live coral 
Acanthophora spp. 
Chaetomorpha spp. 
Dictyota spp. 
Halimeda spp. 
Padina spp. 
Penicill us spp. 
filamentous brown algae 
mucus sac -
NUMBER OF NIPS 
5 
3 
2 
4 
13 
8 
5 
12 
26 
2 
------------
------------
------------
------------
-----... -----------
-----
TABLE 4: Field observations of feeding in juvenile three-spots. 
Pooled data from 51 10-min. sampling periods. 
SUBSTRATE OR FOOD TYPE 
rubble 
live coral 
Acanthophora sp. 
Acetabularia sp. 
Chaetomorpha spp. 
Dictyota spp. 
ijaljmeda spp. 
Padina sp. 
filamentous brown algae 
encrusting red algae 
overturned urchin tests 
NUMBER OF NIPS 
3 
16 
1 
1 
3 
5 
3 
1 
4 
1 
2 
------------
------------
------------
------------
------------
----------
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TABLE 5: 
juveniles. 
Field observations of fishes chased by beaugregory 
Pooled data from 76 10-min. sampling periods. 
FAMILY OR SPECIES 
Euoomacentrus leucostiotus 
L_ planifrons 
L_ parti tus 
Family Labridae 
Acanthurus chirurgus 
Family Scaridae 
Family Gobiidae 
Mulloidichthys martio1cus 
NUMBER OF CHASES 
·71 
4 
2 
18 
10 
5 
4 
1 
--------------------------
--------------------------
----------------
... 
TAB LE 6 : Field o bserv a ti ons of fishes chased by three- spot 
juveniles. Pooled data from 51 10-min. sampling periods. 
FAMILY OR SPECIES 
Eupomacentrus planifrons 
E. leucostictus 
E, par ti tus 
Family Labridae 
Acanthurus chirurgus 
Family Scaridae 
Family Gobiidae 
Family Stromateidae ----
Haemul on flavolineatum 
Chromis cyanea 
Canthigaster rostrata 
Hyooplectrus spp. 
NUMBER OF CHASES 
20 
10 
1 
20 
15 
5 
2 
2 
2 
2 
1 
1 
--------------------------
--------------------------
-----------------
) 
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TABLE 9: Interspeoific comparison of the intensity o
f attack using 
the Two-Sample t-Test (n=20). Measured as mean nu
mber of chases 
C±S.E.) directed at intruding juveniles by resident 
adults. 
Intruders presented individually. 
RESIDENT 
adult beaugregory 
adult three-spot 
juvenile 
beaugregory 
47.40±7-20 
21.45+4.02 
-
• significant at p<0.001. 
INTRUDER 
juvenile 
three-spot 
4.80+2.00 
-
31 .30±5 .35 
t 
TABLE 10: Interspecific comparison of the in
tensity of attack using 
the Two-Sample t-Test (n=20). Measured as mean number of 
lateral 
displays (±S. E.) directed at intruding juveniles by residen
t adults. 
Intruders presented individually. 
RF,SIDENT 
adult beaugregory 
adult three-spot 
juvenile 
beaugregory 
4.10+0.82 
-
7.60±0.82 
• significant at p<0.01. 
INTRUDER 
.42 
• 
juvenile 
three-spot 
5.50±0.76 
4.40±0.77 
l 
t 
1.24 
2.84• 
TABLE 11: Interspecific comparison of the intensity of attack using 
the Mann-Whitney Test (n:10). Measured as mean number of 
chases (±S.E.) directed at intruding juveniles of various size 
classes by resident juveniles. Intruders presented individually. 
RESIDENT INTRUDER SIZE• (relative to 
resident) 
juvenil~ 
beaugregory · lrgr 
ss 
sm 
juvenile 
three~spot lrgr 
-8S-
sm 
INTRUDER SPECIES 
juvenile juvenile 
beaugregory three-spot 
0 .1±0 .10 
14.7.±6.50 
9.2±5.46 
0.7±0.60 
2.9±1 .51 
1.9±0.64 
0 
4.9±.2-43 
6 .1.±3 .04 
0 
8.6±2.19 
8.9±1 .88 
• lrgr:larger, ss=same size, sm=smaller. 
•• significant at p<0.05. 
••• significant at p<0.01. 
u 
55 
65.5 
43 
60 
1a•• 
85.5••• 
!\ 
TABLE 12: Results of Kruskal-Wallis Tests with tied ranks to 
determine if differences exist between the mean number of 
chases directed at different sized intruding juveniles by resident 
juveniles. 
RESIDENTS 
juvenile beaugregory 
juvenile beaugregory 
juvenile three-spot 
juvenile three-spot 
vs. INTRUDERS 
juvenile beaugregory 
juvenile three-spot 
juvenile three-spot 
juvenile beaugregory 
H 
C 
12.67 
8 .16 
2 .59 
16.76 
p 
<0.005 
<0.025 
n.s. 
<0.001 
--------------------------------------------------------------------
43 
, . 
TABLE 13: Interspecific comparison of the intensity of attack using 
the Mann-Whitney Test (n=10). Measured as mean number of lateral 
displays (±S.E.) directed at intruding juveniles of various size 
classes by resident juveniles. Intruders presented individually. 
RF.SIDENT 
... 
juvenile 
beaugregory 
juvenile 
three-spot 
INTRO DER SIZE• 
(relative to 
resident) 
lrgr 
ss 
sm 
lrgr 
SB 
sm 
INTRUDER SPECIES 
juvenile juvenile 
beaugregory three-spot 
4. 7±.1 .14 
9.2±.2.21 
7.0±0.84 
2 .9±0. 75 
8.7±1 .50 
9-5±2.10 
6.5+1 .24 
-
9 .6±1 .54 
7-4±1 .25 
3 .1±1 .21 
8.9±.1 .55 
3-2±0.73 
• lrgr:larger, ss=same size, sm=smaller. 
•• significant at p<0.05. 
n 
u 
64.5 
59 
53.5 
TABLE 14: Results of Kruskal-Wallis Tests with tied ranks to 
determine if differences exist between the mean number of lateral 
displays directed at different sized intruding juveniles by resident 
juveniles. 
RFSIDENTS 
juvenile beaugregory 
juvenile beaugregory 
juvenile three-spot 
juvenile three-spot 
vs. INTRUDERS 
juvenile beaugregory 
juvenile three-spot 
juvenile three-spot 
juvenile beaugregory 
H 
C 
2 .67 
1.83 
9.51 
12.05 
p 
n. s. 
n. s. 
<0.01 
<0.005 
--------------------------------------------------------------------
/ 
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TABLE 15: Choice experiments. Interspecific comparison of the mean 
number of chases (±S.E.) directed at intruding juveniles by resident 
adults, using the Two-Sample t-Test (n=25). Intruders presented 
simultaneously. 
RF3IDENT 
· adult beaugregory 
adult three-spot 
juvenile 
beaugregory 
48.56±5.76 
18. 72±2 .52 
• significant at p<0.001. 
• 
INTRUDER 
45 
juvenile 
three-spot 
6.88±1 .37 
16.68±1.39 
t 
7.06• 
0.59 
{ 
' 
·'' 
., . 
TABLE 16: Choice experiments. Interspecific comparison of the mean 
· number of chases ( +S. E.) directed at intruding juveniles of various 
size classes by resident juveniles, using the Two-Sample t-Test 
·(n=10). Intruders presented simultaneously. 
RF.SIDENT 
juvenile 
beaugregory 
juvenile 
three-spot 
INTRUDER SIZE• 
(relative to 
resident) 
ss 
sm 
ss 
sm 
• ss=same size, sm=smaller. 
•• significant at p<0.02. 
INTRUDER SPECIES 
juvenile juvenile 
beaugregory three-spot 
11.9±5.00 
20.9±6.86 
5 .0±1 .98 
2.7±0.80 
1.8±1.12 
1.6±0.92 
7 .2±1 .63 
4.2±1 .46 
t 
0.86 
0.90 
TABLE 17: Choice experiments. Interspecific comparison of the mean 
number of lateral displays (±S. E.) directed at intruding juveniles 
of various size classes by resident juveniles, using the Two-Sample 
t-Test {n:10). Intruders presented simultaneously. 
RESIDENT INTRUDER SIZE• 
(relative to 
resident) 
INTRUDER SPECIES 
juvenile 
beaugregory 
juvenile 
beaugregory 
juvenile 
three-spot 
ss 
sm 
ss 
sm 
• ss=same size, sm:smaller. 
•• significant at p<0.0025. 
I 
11 .2±2 .13 
8.8±2.09 
3.7±1-39 
4 -9±1 .17 
,, 
46 
juvenile 
three-spot 
3 -5±1 .12 
1.5±0.50 
5.8±1.32 
4 .5±1 .02 
t 
1 .09 
0.26 
.... . 
.:-· 
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